Abstract-This paper is concerned with the optimal placement of protection devices in a microgrid using particle swarm optimization algorithm. One of the main advantages of Distributed Generation (DG) scheme and microgrids in modern distribution systems is the reduction of number of outages and the associated damages caused by them. This task is accomplished by supplying a feeder from multiple sources. In order to prevent generator instability in DGs connected to utility, it is necessary to improve the protective schemes of traditional distribution systems and also to use proper relaying and setting for DGs. All of the downstream overcurrent (OC) relays of each DG are coordinated together and also should be coordinated with OC relay that is installed on the Point of Common Coupling (PCC) which is set at Critical Clearing Time (CCT) as a definite time, to have a desirable performance on each outage. In this paper, by the use of graph theory, various branches of a feeder are identified and the constraints for using particle swarm optimization algorithm to optimize the location of protective equipment are derived. In the proposed algorithm, the location, type and direction of relays are optimized simultaneously.
INTRODUCTION
The main objective of the utilities is to deliver electric energy in a safe, reliable, and economic manner. To accomplish this important task, protective devices are used in distribution systems. The main function of a protection system is to detect all possible types of fault events while affecting the minimum number of customers. Since it is usually impossible to achieve all these objectives simultaneously, compromises need to be made. The limits of these compromises are the criteria used to determine locations for the relays and the sensitivity and operating speed of the fault detecting devices and breakers.
Overcurrent relay is the usual device used to protect distribution lines against various types of faults. There are two types of overcurrent relays used in distribution systems which are categorized into directional or non-directional types depending on system configuration and protection requirements. Considerable research has been done on protection optimization to achieve a reliable distribution network. For instance, optimized placement of devices such as monitoring and protective equipment and remote controllable breakers can enhance system operation and improve reliability and power quality indices of the system [1] . This optimization, however, is considered a difficult task as it is a combinatorial constrained problem described by a nonlinear and nondifferential objective function [2] .
If a distribution network is designed without any consideration of distributed generations (DGs), some problems such as those related to power quality, voltage regulation and protective relay coordination may occur. An important aspect of distribution networks with DG is that the power flow can be bidirectional and thus the traditional protection strategies should be properly modified in order to rectify the operation of protective equipment. In other words, a branch on which the fault has occurred may be fed from two directions and thus protective equipment should be able to function properly under all fault scenarios [3] . Consequently, relay placement in distribution systems with DG is always a challenge.
When a DG is connected to utility, an important requirement is to prevent generator instability by using proper relaying and setting. The Critical Clearing Time (CCT) is defined as the maximum time between the fault initiation and its clearing such that the power system is transiently stable [5] . The CCT for a generator is the maximum time of the fault to be cleared, within the time span that the generator is able to retain its stability. In this paper stability of DG is also considered. Therefore all of the downstream overcurrent relays of each DG coordinated together and overcurrent relay that is installed on point of common coupling (PCC) to have a good performance on each outage. Clearing time of overcurrent relay on PCC is settled at CCT for transient stability.
One of the most important stages of relay placement is its coordination with other relays in the grid. This task is affected by factors such as short circuit level, the type of relays and circuit breakers and the number of series relays. By series relays, we mean those relays that can see the same faults occurred at the end of each branch. In the microgrid or distribution network with DG, the cut off time of the overcurrent relay on point of common coupling (PCC) is determined based on critical clearing time of generator to obtain stability conditions. So the relays coordination is limited if CCT is lower than cut off time of overcurrent relay on the main source.
The fault current seen by a particular relay in forward direction (i.e. when a fault occurs downstream to the relay) is much higher than that of seen in the reverse direction. Therefore the relays must have the ability to distinguish between forward and reverse fault currents [3] . In other words, it necessitates different relay settings in forward and reverse directions. Therefore directional overcurrent relays are proposed to isolate the faulted sections in networks with DG.
Preliminary studies have shown that Graph theory can simplify the representation of switching procedures in a complex power system [4] . This method is also used in this paper in order to identify series relays. In doing so, all directions and sources are considered in the proposed algorithm to find the candidate locations for various series configurations.
The idea of continuous Particle Swarm Optimizer (PSO) was introduced by Kennedy and Eberhart in 1995 [6] .Since then, many researchers have been done to develop and modify different versions of the PSO in different disciplines. For example, while the original PSO was developed for solving continuous optimization problems, the discrete version for the optimization of discrete problems was introduced in 2001. Recently, researches have been reported regarding discrete problem modeling in power systems optimization such as distribution network planning and unit commitment [7] - [8] .
Some papers have proposed the multi-objective optimization for design problems of power distribution system protection planning. Reference [9] has proposed a Genetic Algorithm for finding optimal location of recloses on the feeder equipped with power constrained DGs. In [10] , risk analysis is used to optimize the location of circuit breakers on the distribution feeders. In [11] , the reactive Tabu search algorithm is proposed to optimally place both control and protective devices in the same optimization process on radial distribution feeders.
In this paper, Graph Theory and Particle Swarm Optimization Algorithm are used to optimize the location, type and direction of relays in a microgrid. The objective function used in this optimization is energy not supplied (ENS) and the constraints are based on relays coordination, critical clearing time and islanding operation of distributed generations. The results of implementing the proposed approach on a 69-bus test network are described and discussed.
II. PROBLEM FORMULATION
In many real-life optimization problems, there can be several objectives to be optimized simultaneously. Therefore, multi objective optimization techniques have been used to solve this kind of problems. To obtain the optimal solution of multi objective problems, some objectives are usually turned into constraints.
A. Optimization constraints
Relays coordination and islanding operation are the constraints considered in the problem formulation.
1) Relays coordination
Faults in a power system should be cleared as quickly as possible with minimum impact on the rest of system. In this respect, time coordination among protective devices is very important. Generally speaking, protective devices closer to the fault should react before those which are farther. In terms of fault direction, it is usually recognized by measuring the phase angle between current and voltage. The inverse definite minimum time (IDMT) characteristics are given by: 1
Where: When there is large impedance between the relay and source, the magnitude of fault current does not significantly vary relative to fault location. In these circumstances, the IDMT characteristics are not fully exploited and thus definite time overcurrent protection is applied where the operating time can be constant regardless of the fault current magnitude [12] . In order to determine the critical clearing times (CCT), simulations were carried out for various fault durations. The simulations were started with duration of about 2 s and then halved and new simulations were performed until CCT is determined.
A reliable and dependable protective scheme always needs a backup coordinated with the primary relays. In this respect, a predefined coordination time interval (CTI) should elapse before the backup scheme comes into action. CTI depends on many parameters such as relay type (electromechanical or microprocessor based) and the speed of the circuit breakers. Typically, CTI is set to 0.3 to 0.4 s for electromechanical relays and 0.1 to 0.2 s for microprocessor-based relays [13] . In summary, coordination strategy between primary and backup relays can be given by Therefore, if the time delay for the circuit breaker at the beginning of the line is set to 0.5 s, we can coordinate up to 5 series relays in the best conditions. We should coordinate series relays for best performance and reduce energy not supplied. Based on this fact, a new constraint for optimal protection device placement is developed and formulated by i=1,2,…,n
Where : Number of series relays in each bran n: Number of branch in the graph : Maximum number of relays that can b together
2) Islanding operation conditions
One of the technical issues to be solved in of distribution network is generation and lo fluctuations in both these quantities depend o and the type of generation. 
Demand side management (DSM) is
a technique to control the levels of electricity c in island and grid-connected networks [14 used for controlling network operators to system frequency and voltage and stabilit zone. This constraint is formulated for each is
B. Objective function
In this paper, minimizing ENS is the o which is defined as 
III. PARTICLE SWARM OPTIMIZATION
While the main process in the propo performed by a discrete particle swarm opti the procedure is similar to the continuous ver
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By comparing these result branches are not affected by DG these branches are not displac islanded in each outage. Often, have a significant effects on zones if an outage occurs o constraints will be observed by on reverse fault current. As can allocating relays near to these downstream of the feeder. Condition  D  E  F  G  H  5  5  5  5  5  10  10  10  10  10  17  15  13  13  13  28  28  28  28  28  30  30  30  29  30 a wrong islanded zone for DG (when the total load of zone is more than capacity of DG), the total ENS will increase.
Compared to A to G, the CCT in H is lower, thus we can coordinate one relay less and this will lead the ENS to increase.
VI. CONCLUSION
This paper presents a method for optimal placement and coordination of protective equipment in distribution networks with distributed generation and considering CCT to prevent generator instability. It was shown how to identify the branches of the network with series relays and to find the tentative locations for them. The proposed algorithm in this paper use a Graph theory based algorithm for this purpose and a robust PSO algorithm for optimizing the type, direction and location of relays. The criteria used for optimization is the energy not supplied (ENS). The results on a test network shows that load priorities, location and direction of relays between sources have impact effect on ENS. 
